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Introduction
Among the activities carried out in the cultivation of papaya, in the Coastal Plains soils conventional soil tillage is widely applied, inverting the soil in the whole area in order to plant the seedlings. In the crop management, there is an intense traffic of machines in the row spacing, as well as during the harvesting. According to Pacheco & Cantalice (2011) , in this type of soil when subjected to excessive pressures and under certain soil moisture conditions the physical degradation process is favored. Lima et al. (2012) mention that the Coastal Plains soils show low fertility and commonly has cohesive horizons, which hinder soil water dynamics, and then show low distribution and development of the plant root system. The reduction of soil pores occurs with the traffic of machines due to the pressures applied by the wheels and consequently increases soil penetration resistance (PR). According to Silveira et al. (2010) , PR is an adequate attribute to characterize the degree of soil compaction and makes possible to establish relations with the dynamics of growth and development of the root system of the plants.
Studies with soil physical attributes have shown the presence of continuity or spatial dependence, which is related to the management adopted and the soil parent Com . Sci., Bom Jesus, v.8, n.4, p.514-520, Oct./Dec. 2017 material . Lima et al. (2007) state that the knowledge of the spatial variability of soil physical and chemical attributes is fundamental in order to minimize sampling errors and to optimize soil management. According to Gomes et al. (2007) and Campos et al. (2012) , modeling the spatial dependence structure of soil attributes and variables related to plants, using geostatistics techniques, has been performed to understand their distributions in a given area as well as correlating them spatially with crop yields.
The characterization of the spatial variability of soil attributes associated with other decision-making techniques and the farmer's experience is important for the refinement of agricultural management practices and the evaluation of the effects of agriculture on environmental quality. Lima et al. (2009) verified that the total porosity (TP) and the soil bulk density (BD) showed the same pattern of spatial distribution in an area under pasture. According to Timm et al. (2006) , soil moisture can influence the soil-plant relationship, water movement, soil aeration and root development. Therefore, it is important that the papaya production system is the subject of advanced and applicable studies so that the papaya fields may be economical, environmentally and socially sustainable. The objective of this work was to study the spatial variability of soil penetration resistance, gravimetric water content, soil bulk density and total porosity of a cohesive dystrophic Argissolo Vermelho (typical -PAdx) or Ultisol (American Classification Soil Taxonomy) in the cultivation of papaya (Carica papaya L.).
Materials and Methods
The study was carried out in a papaya 1: layer of 0-0,20 m depth; 2: layer of 0,20-0,40 m depth; BD: bulk density; PRPR: penetration resistance at the planting row; ULP: soil moisture at the planting row; PRRow: penetration resistance in the traffic of machines (at the row spacing); URow: soil moisture at the row spacing; TP: total porosity; n: number of sampling points after outliers removing; Md: median; S: standard deviation; Min.: minimum value; Max: maximum value; RI/TR: ratio between interquartile range (IR) and total range (TR); CV: coefficient of variation; Ca; Coefficient of asymmetry; Ck: coefficient of Kurtosis; ND: normal distribution; ns: non-significant at 5% by the Kolmogorov-Smirnov (KS) test, thus, data normally distributed; and *: non-normal distribution.
Results and Discussion
Measures According to Arshad et al. (1996) , the average PR values found at the two soil layers, in the planting row is not indicating a restriction to the penetration limiting to the papaya root growth, since the restrictive value is higher than 2.0 MPa. Table 2 . The UPR 2 , URow 12 and TP 2 attributes showed a pure nugget effect (PNE), which indicates non-spatial dependence, that is, the samples are independent for distances greater than the lowest sample grid distance (5.7 m). In these cases, the data show a random distribution and using the mean it is a possible estimate of the attribute and the classic statistic explains the variations in the area.
For the other attributes, the semivariograms showed well-defined sills. Thus, the intrinsic hypothesis, which is a minimum requirement for geostatistical analysis, was met.
The spherical model was fitted to BD 2 data and the exponential model to the other attributes.
These models are the ones that best fit soil attributes. showed great spatial continuity.
